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In this study, we have analyzed the expression of
TRIM24/TIF-1a, a negative regulator of various tran-
scription factors (including nuclear receptors and
P53) at the genomic, mRNA, and protein levels in
human breast tumors. In breast cancer biopsy spec-
imens, TRIM24/TIF-la mRNA levels (assessed by
Real-Time Quantitative PCR or microarray expres-
sion profiling) were increased as compared to nor-
mal breast tissues. At the genomic level, array com-
parative genomic hybridization analysis showed
that the TRIM24/TIF-1 a locus (7q34) exhibited both
gains and losses that correlated with mRNA levels.
By re-analyzing a series of 238 tumors, high levels
of TRIM24/TIF-laa mRNA significantly correlated
with various markers of poor prognosis (such as
the molecular subtype) and were associated with
worse overall survival. By using a rabbit polyclonal
antibody for immunochemistry, the TRIM24/TIF-1a
protein was detected in nuclei of normal luminal
epithelial breast cells, but not in myoepithelial
cells. Tissue microarray analysis confirmed that its
expression was increased in epithelial cells from
normal to breast infiltrating duct carcinoma and
correlated with worse overall survival. Altogether,
this work is the first study that shows that overex-
pression of the TRIM24/TIF-1 a gene in breast can-
cer is associated with poor prognosis and worse sur-
vival, and it suggests that this transcription coregulator
may play a role in mammary carcinogenesis and repre-
sent a novel prognostic marker. (4m J Pathol 2011, 178:
1461-1469; DOI: 10.1016/j.ajpath.2010.12.026)

Transcription intermediary factor 1a (TIF-1a ), also known
as TRIM24, a member of the tripartite motif protein family,
has been identified as a nuclear receptor transcription co-
regulator. The mouse' and human® cDNAs have been
cloned either in two-hybrid screen or through direct in vitro
interaction with transcriptional active estrogen receptors
(ER). TRIM24/TIF-1« interacts with a number of nuclear
receptors, negatively regulates transactivation in vitro,34
and also functions in cooperation with GRIP1 and CARM1,
as a secondary coactivator for nuclear receptors.®

Several domains exhibit interesting structural features
such as RING, and B box zinc-binding domains, a coiled-
coil domain, a plant homeodomain finger, and a bro-
modomain. These domains are potentially involved in
protein-DNA or protein-protein interactions and have
been found in other transcriptional cofactors and chro-
matin-remodeling proteins.®” TRIM24/TIF-1a also ex-
hibits binding sites for different proteins associated
with heterochromatin HP1«a/B/y and with the Krippel-
associated box (KRAB) repression domain.®

In addition, TRIM24/TIF-1« could regulate transcription
by phosphorylating components of the basal transcrip-
tional machinery. It has been reported that TRIM24/
TIF-1a is a protein kinase that not only undergoes a
ligand-dependent hyperphosphorylation once recruited
by ERea, but also selectively phosphorylates TFlIEq,
TAFII28, TAFII55, and the HP1 proteins in vitro.® More
recently, TRIM24/TIF-1a has been identified as a novel
partner of the p53 tumor suppressor which negatively
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regulates p53 protein levels.'® Indeed, TRIM24/TIF-1a
directly ubiquitinates p53 via its RING domain and
TRIM24/TIF-1a depletion in human breast cancer cells
caused p53-dependent apoptosis.

TRIM24/TIF-1a is an abundant nuclear protein found in
embryo stem cells. Its expression considerably decreases
during differentiation and organogenesis'" and remains de-
tectable only in some organs, such as gonads.' Only few
data have been published concerning TRIM24/TIF-1« in
human tumors. For instance, it has been implicated in fusion
proteins in acute myeloid leukemia'®'* or in papillary thy-
roid carcinoma,'® suggesting that this genomic location
could be a potential chromosomal breakpoint in the human
genome. Therefore, considering TRIM24/TIF-1a biological
activities and previously identified genomic alterations, we
investigated its expression in breast cancer at the genomic,
mRNA, and protein levels.

At the mRNA level, compared to its level in normal
breast tissue, we found that TRIM24/TIF-1a expression
was globally increased in breast cancers. Array Compar-
ative Genomic Hybridization (aCGH) data of breast can-
cer biopsy specimens showed gains of the 734 region
harboring the TRIM24/TIF-1a gene which correlated with
mRNA expression suggesting that the alteration of
genomic dosage could be one mechanism involved in
TRIM24/TIF-1a expression deregulation. Analysis of ex-
pression data obtained on 238 patients from a previously
published study by Fan et al'® revealed that increased
levels of TRIM24/TIF-1a mRNAs were significantly corre-
lated with several markers of poor prognosis (70-gene
profile, recurrence score, and intrinsic subtypes) and
with worse overall survival (OS). By studying immunohis-
tochemistry on a tissue microarray, we confirmed that
TRIM24/TIF-1a expression was increased in epithelial
cells of breast infiltrating duct carcinoma and associated
with a worse OS. Altogether, this study emphasizes the
prognostic significance of TRIM24/TIF-1a expression in
breast cancer.

Materials and Methods

Breast Tissue

For RNA quantification (sample set #1) and aCGH anal-
ysis (sample set #2), RNA and DNA were isolated from
normal breast tissues or primary breast cancers that were
collected in four French cancer hospitals: Centre Val
d’Aurelle (Montpellier), Centre Léon Bérard (Lyon), Insti-
tut Paoli-Calmettes (Marseille), and Institut Gustave
Roussy (Villejuif)."” The CBA2 Tissue MicroArray from
SuperBioChips was obtained from Clinisciences (Mon-
trouge, France). For this set of patients, median follow-up
was 44 months (range, 8—184 months). Thirteen of 37
(35%) patients died at a median of 30 months (range,
8-78 months) after surgery. Survival median is not
reached. The 4-year OS rate is 58% [95% confidence
interval (Cl): 35%—-76%].

RNA Quantification

RT-QPCR was performed on a LC480 instrument using
LightCycler 480 SYBR Green PCR Master (Roche Diagnos-
tics, Meylan, France). PCR reaction was performed in a final
volume of 10 ulL, with 5 pmol of primers and cDNA corre-
sponding to 5 ng of total RNA. For each set of primers, a
standard curve was performed with serial dilution of cDNA
to evaluate the efficiency of the amplification. Forward and
reverse primer sequences were as follows:

hHBMS: 5-CGCATCTGGAGTTCAGGAGTA-3 and 5-
CCAGGATGATGGCACTGA-3, hIPO8: 5-GTGTACACACTG-
GCAGAGCAC-3 and 5-GCCTCCCTGTTGTTCAATCT-3,
Trim24 total 5-AATGGACCAGTTCTTCCTCCTCA-3' and 5-
TGGCTTTATTGCTTGTCGTGG-3, short 5-CAGCAACAG-
CAACCGCCT-3 and 5-TGAGGAGGAAGAACTGGTCCATT-
3, long 5-GTTTACCAAACCCTAGAATGCAGG-3 and 5-
AAGTTTATCAAACGTGGAGGCG-3.

Melting curve was systematically performed to check
for specific amplification. TRIM24/TIF-1a mRNA expres-
sion (obtained on 135 tumoral and 11 normal breast
samples) was normalized to endogenous references
(IPO8 and HBMS mRNA).

Expression Profiling

RNA was extracted using RNAeasy columns (Qiagen,
Courtaboeuf, France). Aliquots of the RNA were analyzed
by electrophoresis on a Bioanalyser 2100 (version A.02
51292, Agilent Technologies, Waldbronn, Germany).
Stringent criteria for RNA quality were applied to rule out
degradation, especially a 28S/18S ratio greater than 1.8.
Microarray analyses were performed using 3 ug of total
RNA of each sample as starting material and 10 ug cRNA
per hybridization (GeneChip Fluidics Station 400; Af-
fymetrix, Santa Clara, CA). Total RNA obtained for 108
samples was amplified and labeled following the manu-
facturer’s one-cycle target labeling protocol (Affymetrix,
Santa Clara, CA). The labeled cDNA were then hybrid-
ized to HG-U133 plus 2.0 Affymetrix GeneChip arrays
(Affymetrix, Santa Clara, CA) and chips were scanned
with a GCOS 1.4 and raw feature data were normalized
using robust multiarray average method (R package affy).
Data corresponding to the 204391_x_at and 213301_x_at
probesets were extracted and analyzed.

Array CGH Profiling

We used human Integrachip V7 to establish genomic
profiles (IntegraGen SA, Evry, France). IntegraChip V7 is
composed of 5,984 bacterial artificial chromosome
clones including 5,514 sequenced clones with a median
gap of 1 clone/0.478 Mb. The TRIM24/TIF-1a gene region
is covered by two bacterial artificial chromosome clones
and the 734 genomic region represented by eight dif-
ferent clones. DNA labeling and hybridization were per-
formed as previously described™ with slight modifica-
tions: 600 ng of DNA were labeled with BioPrime Total
Genomic Labeling System (Invitrogen SARL, Cergy Pon-
toise, France). Arrays were scanned using the Axon
4000B scanner (Molecular Devices, CA) and images



were analyzed using Genepix 6.0. Extracted values were
then normalized, filtered, and graphically represented
using Nexus 4.0 software (Biodiscovery, ElI Segundo,
CA). Normalization and segmentation of data were per-
formed using the Lowess algorithm and a modified rank
segmentation algorithm, respectively. Thresholds for log2
ratios were set respectively at 0.138 and —0.153 for the
calling of gains and losses. Clones were ordered accord-
ing to the March 2006 release (Hg18) of the human draft
sequences. Array CGH data were obtained for 284
breast tumors.

Antibodies

A polyclonal antibody was generated against human GST-
TRIM24/TIF-1a corresponding to a fusion of 225 amino ac-
ids (residues 630 to 854).2 The rabbit antiserum was affinity
purified to generate the TS1 antibody. A commercially avail-
able rabbit polyclonal antibody specific for the region cor-
responding to amino acids 631 to 820 of human TRIM24/
TIF-1a (H-190 from Santa Cruz Biotechnology, CA) was also
tested. A purified rabbit IgG1 antibody (Sigma-Aldrich,
Saint-Quentin Fallavier, France) was used as a negative
control.

Cell Culture

The MCF7 human breast carcinoma cell line'® from the
Michigan Cancer Foundation (Detroit, MI), was main-
tained in Dulbecco’s modified Eagle’s medium (LifeTech-
nologies, Carlsbad, CA) supplemented with 10% fetal
calf serum and 0.5% gentamicin (LifeTechnologies).
Cells were grown in flasks or on glass coverslips in the
same medium.

Immunocytochemistry

Cell pellets and breast carcinoma were fixed in 3.7% for-
malin, dehydrated, and paraffin-embedded. Thick sections
(4-5 wm) of breast cancer cells, breast tumors, or formalin-
fixed paraffin-embedded tissues of CBA2 tissue array were
dewaxed, rehydrated, and processed with four microwave
treatments of 5 minutes at 650 watts in 0.01 mol/L citrate
buffer pH 6. Breast carcinomas were also processed for 30
minutes in 0.1 mol/L EDTA buffer pH 7.1 maintained at 95°C
in a water bath. After washing in PBS and quenching en-
dogenous peroxidase activity, the sections were blocked
30 minutes with 2.5% normal donkey serum in PBS and
incubated for 60 minutes with TRIM24/TIF-1a polyclonal
antibodies (TS1 at 1/3000 or H-190 at 1/100). Negative
controls were performed with a purified rabbit IgG1 anti-
body or with a rabbit pre-immune serum at the same con-
centrations. Sections were then incubated with biotin-con-
jugated donkey antibody to rabbit IgG (1/400) (Life Science,
Amersham, France) and then with the streptavidin-biotin
peroxidase complex (Vectastain ABC kit, Vector Laborato-
ries, Burlingame, CA) in PBS plus 1% bovine gamma glob-
ulin. After incubation in a DAB (3, 3’ diaminobenzidine,
Sigma-Aldrich) solution, the sections were counterstained in
hematoxylin, dehydrated, and covered with a coverslip us-
ing a permanent mounting medium.
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MCF7 or T47D cells grown on glass coverslips were
fixed with 4% paraformaldehyde, permeabilized with
0.02% Triton, blocked with 2.5% normal donkey serum in
0.05% Tween-PBS, then processed mostly like paraffin
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Figure 1. Expression of TRIM24/TIF-la mRNA in breast carcinomas.
A: TRIM24/TIF-1ae mRNA levels were determined on 11 normal breast tissues
(Control) and 135 breast carcinomas by RT-QPCR as described in Materials
and Methods. Data were normalized using the IPO8 and HBMS mRNAs and
are presented as box-plots showing the median value, upper and lower
quartiles together and minimum and maximum non-atypical data values.
B: TRIM24/TIF-1a mRNA levels were determined by Affymetrix microarray
analysis (Affymetrix probe set 213301_x_at) in a series of 108 breast tumors
with losses (13 cases), gains (18 cases), or no alterations (77 cases) at the
corresponding locus as determined by aCGH analysis. Data are represented
as box-plots. C: Kaplan—-Meier analysis of overall survival according to
TRIM24/TIF-la. mRNA expression in the 238-tumor set from Fan et al'®.
Patients with high TRIM24/TIF-1a mRNA expression (expression level more
than the optimal threshold of 1.08 - gray solid line) were compared to
patients with low TRIM24/TIF-1ae mRNA expression (expression level less
than or equal to the optimal threshold of 1.08 - black solid line). Differences
in survival rates were statistically significant when compared using a log-rank
test (P < 0.001). Tick marks indicate censored events.
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sections. Immunostaining specificity was checked by
preincubating polyclonal TS1 antibody alone or with 3
pg/mL, 7.5 ug/mL, or 15 ug/mL of the GST-TRIM24/
TIF-1a fusion protein used for immunization for 60 min-
utes at 37°C before incubation with permeabilized cells.

Immunostaining Quantification

Sections or cells were photographed with an image an-
alyzer (SAMBA TITN, Unilog, Grenoble, France) adapted
to a Leitz DMRB light microscope (Leica, Wetzlar, Ger-
many) and a 3-CCD DXC-950P color video camera (Sony
Corp., Tokyo, Japan). TRIM24/TIF-1a staining intensity
(0, +, +/++, or ++) and the percentage of labeled cells
were quantified by a pathologist. The labeling index was
obtained by the multiplication of the labeled cells per-
centage by 1 (+), 1.5 (+/++), or 2 (++).

Statistical Analysis

mRNA expression levels were presented as medians
(range) and were compared between populations with
the nonparametric Kruskal-Wallis test. Differences were
considered statistically significant when P < 0.05. The
optimal TRIM24 threshold value, which induces the best
discrimination according to vital status, was calculated to

Table 1. TRIM24/TIF1-a mRNA Levels in 238 Tumors

maximize the Youden'’s index. This index is defined as the
sum of sensitivity and specificity minus 1 and is fre-
quently used to dichotomize continuous variable in re-
ceiver operating characteristic curve methodology.

OS rates were estimated from the date of surgery until
the date of death using the Kaplan-Meier method. Me-
dian survival and hazard ratios were presented with 95%
confidence intervals (Cls). Patients lost to follow-up were
censored at the time of last visit. Differences in survival
rates were compared using a log-rank test in univariate
analysis. Factors significant at the P < 0.10 level in uni-
variate analysis were included into a multivariate Cox
proportional hazards model. Statistical analyses were
performed with STATA software 10.0 (StatCorp, College
Station, TX).

Results

Overexpression of TRIM24/TIF-1Ta mRNA in
Breast Cancer

To determine whether TRIM24/TIF-1a expression was de-
regulated in breast cancer, we first performed real-time
quantitative PCR of the corresponding mRNA on a series
of 135 breast cancer samples from patients diagnosed
with breast carcinomas and on 11 normal breast samples

TRIM24 mRNA levels

No. (%) Median Range P*

N
NO 119 (50.0) 0.97 (0.80; 1.33) 0.756
N+ 119 (50.0) 0.98 (0.75; 1.22)

-
T1 (=2 cm) 122 (561.3) 0.98 (0.75; 1.15) 0.397
T2-T3-T4 (>2 cm) 116 (48.7) 0.98 (0.77,1.33)

ER
ER— 58 (24.4) 1.02 (0.80; 1.22) 0.003
ER+ 180 (75.6) 0.97 (0.75; 1.33)

Grade SBR
| 57 (24.0) 0.95 (0.80; 1.12) 0.0083
Il 86 (36.1) 0.98 (0.75; 1.33)
I 95 (39.9) 1.00 (0.78; 1.22)

Type/Sorlie
Normal like 24 (10.1) 0.95 (0.80; 1.07) <0.001
Luminal A 100 (42.0) 0.96 (0.75; 1.33)
Luminal B 41 (17.2) 1.00 (0.78;1.13)
Erbb2 30 (12.6) 1.00 (0.80; 1.13)
Basal 43 (18.1) 1.04 (0.85; 1.23)

70-gene
Good 90 (37.8) 0.95 (0.75; 1.12) <0.001
Poor 148 (62.2) 1.00 (0.77,1.33)

Two-gene ratio
High 131 (55.0) 0.98 (0.75; 1.22) 0.699
Low 107 (45.0) 0.98 (0.80; 1.33)

Wound response
Activated 189 (79.4) 0.98 (0.75; 1.33) 0.179
Quiescent 49 (20.6) 0.97 (0.80; 1.12)

Recurrence
High 153 (64.3) 1.00 (0.77,1.33) 0.001
Intermediate 26 (10.9) 0.93 (0.75; 1.18)
Low 59 (24.8) 0.96 (0.80; 1.12)

The 238 tumor samples used are from Fan et al.’®
*Kruskall-Wallis test.



obtained from healthy controls. As shown in Figure 1A,
the TRIM24/TIF-1a mRNA levels showed a significant
increase in breast cancers as compared to normal tis-
sues (P = 0.001).

We then analyzed an aCGH data set containing 284
breast cancer genomic profiles already published'” or
obtained in the context of the “Cartes d’ldentité des
tumeurs” analysis conducted by “La Ligue Nationale
Contre le Cancer” for copy number changes of the 7934
region harboring TRIM24/TIF-1a gene. We observed a
gain of the TRIM24/TIF-1a locus in 9.5% of the cases (27
patients with 3 presenting a high copy gain) and a loss in
7% of the cases (20 patients) (data not shown). On a
limited number of cases (108 samples), we were able to
quantify both genomic alterations by aCGH analysis and
mRNA levels by Affymetrix microarray analysis (Figure
1B). We found that mRNA levels varied significantly (P =
0.001) according to the genomic dosage at the TRIM24/
TIF-Ta locus, indicating that genomic alterations might
partly account for TRIM24/TIF-1e mRNA increase in
breast cancer.

Association of TRIM24/TIF-1a mRNA Levels
with Poor Prognosis and Worse Survival

In a second step, we then asked whether TRIM24/TIF-1a
mRNA expression was associated with clinical outcome.
To this aim, we used data published by Fan et al'® which
compared the outcome predictions derived from five dif-
ferent gene-expression-based models (intrinsic sub-
types,?° 70-gene profile,?"?2 wound-response,?® recur-
rence score,?* and two-gene ratio®®). This data set of
breast-cancer samples from 238 women corresponds
mostly to stage | or Il breast cancer and provides infor-
mation on OS for all patients with a median follow-up of
108 months (range, 1-220 months) and a 4-year OS rate
of 85% (95% Cl: 80% - 89%)'® (see Supplemental Table
S1 at http://ajp.amjpathol.org). By reanalyzing this data
set, we first observed that TRIM24/TIF-1a mRNA levels
were significantly higher in the group of tumors that were
negative for the estrogen receptor ERa (P = 0.003) or
which had a high tumor grade (P = 0.003) but were not
associated with lymph node invasion or with the size of
the tumor (Table 1).

Then, we investigated whether TRIM24/TIF-1a expres-
sion was correlated with the other prediction markers of
clinical outcome. Using univariate analysis we found no
significant correlation with wound response (activated or
quiescent) (P = 0.179) or the two-gene ratio prediction
(P = 0.699). By contrast, we were interested to see a
significant association with the 70-gene profile (P <
0.001), the recurrence score (P = 0.001), and with the
intrinsic subtype (P < 0.001) which were the most pre-
dictive variables in the comparative study published by
Fan et al.'® Moreover, we found that TRIM24/TIF-1«
mRNA levels were significantly greater (P < 0.0001) in
the group of tumors with molecular subtypes associated
with a poor prognosis (ie, basal-like, luminal B, and
HER2+/ER-) than in tumors classified as luminal A or
normal-like which exhibit a good prognosis (Table 1).
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Figure 2. TRIM24/TIF-1a protein detection in breast cancer cells and tis-
sues. Immunohistochemistry staining of the TRIM24/TIF-la protein was
performed as described in Materials and Methods after incubation with
TIF-1a (TS1) polyclonal primary antibody (1/3000) at room temperature. Az
MCF7 cells grown on glass coverslips. B: Paraffin-embedded MCF7 cell pellet
sections. C, D: MCF7 cells grown on glass coverslips were incubated with TS1
antibody after incubation (D) or not (C) with 15 ug/mL of the GST-TRIM24/
TIF-1e fusion protein used for immunization. E: Paraffin-embedded human
breast IDC cells. F: Negative controls were performed with the rabbit pre-
immune serum. (Original magnification X 630; scale bars = 10 um.)

Altogether, these results indicate that TRIM24/TIF-1a ex-
pression in breast cancer is significantly increased in
tumors classified with a bad prognosis. This was sup-
ported by survival analysis (Figure 1C and Supplemental
Table S2 available at http://ajp.amjpathol.org) showing
that overall survival was significantly worse (P < 0.001)
among patients with a high level of TRIM24/TIF-1a mRNA
(threshold value defined at 1.08 as described in Materials
and Methods).

TRIM24/TIF-1a Protein Expression in Breast
Cancer

To determine whether TRIM24/TIF-1a overexpression
could also be observed at the protein level, we set up the
detection of the corresponding protein by immunohisto-
chemistry using the TS1 polyclonal antibody raised
against human TRIM24/TIF-1a. In the human breast can-
cer MCF7 cell line (either whole cells or formalin-fixed
paraffin-embedded sections shown respectively in Fig-
ure 2A and B), the TRIM24/TIF-1a protein only localized
in cell nuclei with intense labeling scattered throughout
the nucleoplasm. As shown in Figure 2C and D, speci-
ficity of the antibody was confirmed by an antibody block-
ing procedure involving preincubation of the TS1 anti-
body with the TRIM24/TIF-1a fusion protein used for
immunization. Similarly, a strong nuclear staining compa-
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Figure 3. TRIM24/TIF-1a expression in human normal and tumoral tissues.
Normal and tumor breast samples of the CBA2 tissue array were immuno-
stained with the rabbit polyclonal TS1 antibody. Normal acini (A) and a
normal duct (B) showing weak staining in some nuclei of epithelial cells
(arrows). C-H: Representative lesions from six cases of the CBA2 tissue
array showing increased intensity of staining with the TS1 antibody. C: Weak
staining in a hyperplasic area (shown by a black short arrow) beside
unlabeled myoepithelial cells (long black arrow) and labeled intraductal
cancerous cells (white short arrow). D: Ductal carcinoma in situ (DCIS)
where only two nuclei appear weakly labeled (arrows). E-H: Increase in
nuclear staining observed in IDC with different staging (E) stage 1IA, NO;
(F) stage IIB, N1; (G) stage IIIB, N2; and (H) stage IIIC, N3. Case numbers
correspond to an individual patient. (Original magnification X 630; scale
bars = 10 wm.)

rable to that obtained on sections of MCF-7 cells was
observed on paraffin-embedded breast cancer tissue
sections (Figure 2E). On tissue section, negative controls
were performed with the rabbit pre-immune serum (Fig-
ure 2F) or with a purified rabbit irrelevant IgG (not shown)
at the same concentration than the corresponding spe-
cific primary antibody.

Interestingly, low TRIM24/TIF-1a protein levels were
detected in normal breast structures (Figure 3, A and B)
in concordance with mRNA data. In normal acini (Figure
3A), and normal duct (Figure 3B), we observed a slight
immunoreactivity only in the nuclei of the epithelial cell
layer, whereas no immunostaining was observed in
nuclei of myoepithelial cells. As shown in Supplemental
Figure S1 (available at http://ajp.amjpathol.org), TRIM24/
TIF-1a protein was also observed in vascular endothelial
cells, in some muscular cells, in adipocytes and in fibro-
blast nuclei whereas no expression was found in lympho-
cyte nuclei.

In ductal carcinoma in situ (DCIS) sections (and as
noticed in normal tissues), no immunostaining was ob-

served in nuclei of myoepithelial cells (Figure 3C). This
contrasted with the labeling found in the nuclei of neigh-
boring epithelial cancer cells. Interestingly, nuclei of ep-
ithelial cells from a hyperplasic area (beside the ductal in
situ extension of the carcinoma) showed only weak label-
ing (Figure 3C).

We then analyzed TRIM24/TIF-1a expression in normal
and tumoral breast using a tissue microarray (ref CBA2 from
SuperBioChips Laboratories) (see Supplemental Table S1
at http.//ajp.amjpathol.org). TRIM24/TIF-1a protein levels
were quantified on 6 normal tissues, 2 DCIS, 33 infiltrating
duct carcinoma (IDC) with 7 infiltrating ductal carcinoma
metastasis (IDCM) sections. We noticed increasing levels of
TRIM24/TIF-1a protein staining intensity in ER-positive tu-
mors from DCIS where only few nuclei appear weakly la-
beled (Figure 3D) to the different stages of IDC, with a
maximum on IDC llIC (Figure 3H) in which all of the epithe-
lial cell nuclei presented a strong labeling in numerous dots
and nucleolus or throughout the nucleus. Moderate diffuse
TRIM24/TIF-1a protein was observed in some epithelial cell
nuclei in an IDC lIA, NO (Figure 3E), while strong protein
levels were detected in dots of some nucleiin an IDC 11B, N1
(Figure 3F) and in almost all nuclei in an IDC 11IB, N2 (Figure
3G). When compiled, these data showed a significant dif-
ference (P = 0.003) between TRIM24/TIF-1« protein detec-
tion in luminal epithelial cells of normal ducts or DCIS com-
pared to epithelial cells of IDC/IDCM (Figure 4A).
Altogether, these data supported the results obtained at the
mRNA level and showed an increase in TRIM24/TIF-1a ex-
pression during breast tumorigenesis.

Correlation of TRIM24/TIF-1« Protein
Expression with Prognosis and Survival

Using this small set of tumors (37 samples), we found no
significant association of TRIM24/TIF-1a protein levels with
ERa levels, p53 status, or lymph node invasion (data not
shown). As observed at the mRNA level, we found that OS
was found to be significantly worse (P = 0.025) among
patients with a high level of TRIM24/TIF-1a protein levels
(Figure 4B and Table 2). Analyses revealed that, similar to
TRIM24/TIF-1a expression, ER and Progesterone Receptor
(PR) expression and Scarff-Bloom-Richardson grading
were prognostic factors for OS (Table 2). Interestingly, mul-
tivariate analyses on the total cohort identified TRIM24/
TIF-1« protein level as an independent prognostic factor for
OS; ER, but not PR expression and Scarff-Bloom-Richard-
son grading, also preserved its prognostic value (Table 2).
Altogether, these data indicate that TRIM24/TIF-1a protein
levels strongly increase during breast cancer progression
and that this marker appears clearly associated with bad
prognosis and worse survival.

Discussion

The TRIM24/TIF-1a gene might play an important role in
tumorigenesis because it encodes a protein that controls
nuclear receptor ligand-dependent activity*2® and also
acts as a ubiquitin E3-ligase for the tumor suppressor
p53.7° In this study, we investigated the expression of
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TRIM24/TIF-1« in breast cancer at the mRNA, genomic,
and protein levels.

On a series of 135 breast cancers, we first observed
that TRIM24/TIF-1a mRNA levels were significantly in-
creased as compared to normal breast tissues. These
results were supported by data found in the Oncomine
database®’ showing higher levels of TRIM24/TIF-1a
mRNA in 40 breast cancer biopsy specimens as com-
pared to 7 normal breast samples.?® High levels of
TRIM24/TIF-1a mRNA were also found in patients with
myelodysplastic syndrome related acute myeloid leu-
kemias®® and in sporadic colorectal cancers.®° We
previously described the existence of two TRIM24/
TIF-1a mRNA isoforms in breast cancer cells.? The
long isoform which exhibits a 34-amino acid insertion
perfectly conserved in the coding region of human and
mouse may play specific biological roles. However,
when we compared the expression of this long isoform
to the total TRIM24/TIF-1a mRNA, we found no signif-
icant differences (data not shown).
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Figure 4. Tissue array analysis of TRIM24/TIF-1a expression. A: Data ob-
tained after quantification of the TRIM24/TIF-1a protein by immunochemis-
try using the TS1 antibody on the CBA2 tissue array were represented as
box-plots. The labeling values were plotted according to the different groups:
normal breast (NB), DCIS, IDC, and IDCM. Statistical analysis was performed
using the Mann-Whitney test with reference to the NB group data (*P < 0.05,
**P<0.01), NS. B: Overall survival was estimated for the 31 patients analyzed
in the CBA2 tissue array using the Kaplan-Meier method according to
TRIM24/TIF-1a protein expression. Patients with high TRIM24/TIF-1a ex-
pression (a level greater than the optimal threshold of 25 - gray solid line)
were compared to patients with low TRIM24/TIF-1a expression (less than or
equal to the optimal threshold of 25 - black solid line). The log-rank
method was used to test the difference between the two groups, and patients
with high levels of TRIM24/TIF-1a expression had significantly worse overall
survival (P = 0.025). Tick marks indicate censored events.
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Array CGH analysis of 284 breast cancer samples
showed gains in the TRIM24/TIF-1a locus (7p34) in
about 10% of the cases. Moreover, data obtained from
108 cases showed a significant correlation between
genomic alterations (gains and losses) and mRNA lev-
els. The TRIM24/TIF-1a gene promoter has not been
characterized, but it might be interesting to define ad-
ditional levels of regulation that probably take place
and which transcription factor(s) driving its expression
might account for its deregulated expression in breast
cancer. Concerning TRIM24/TIF-1« locus copy num-
ber, it should be mentioned that the chromosome 7
array analysis in primary papillary renal cell carcinoma
showed that the majority of genes exhibited an in-
crease in their copy number and particularly TRIM24/
TIF-1a, which showed the highest frequencies of
gain.®' To extend these observations, our unpublished
data also revealed gain in copy number of this locus in
colon (32.2%) and ovarian (20.3%) cancers, respec-
tively, in 177 and 128 patients (data not shown).

Overexpression of TRIM24/TIF-1« in breast cancer
as compared to normal tissues was also observed
when we performed the analysis at the protein level
using the in-house TS1 polyclonal antibody directed
against the TRIM24/TIF-1a protein. Both in MCF-7
breast cancer cells and in formalin-fixed paraffin-em-
bedded sections of breast carcinomas, TRIM24/TIF-1«
protein was almost exclusively detected in nuclei. On
serial carcinoma tissue sections, similar staining was
observed with a commercially available polyclonal
H-190 antibody from Santa Cruz, raised against amino
acids 631-820 of human TRIM24/TIF-1a (see Supple-
mental Figure S2 at http.//ajp.amjpathol.org). However,
the TS1 antibody showed a greater sensibility than
H-190 antibody.

In normal breast tissues, the presence of TRIM24/
TIF-1a protein was not only detected in epithelial cells
in acini and ducts, but also in arteriole endothelial and
muscular cells, in adipocytes, and in fibroblasts. In
contrast, myoepithelial cells as well as lymphocytes
were not labeled. Interestingly, the TRIM24/TIF-1a pro-
tein expression was very weak in nuclei of the luminal
epithelial layer of normal ducts or in DCIS samples,
whereas intense labeling of nuclei of epithelial cells
was observed in IDC and IDCM, thus confirming the
increased expression in breast cancer tissues ob-
served at the mRNA level.

We then investigated whether TRIM24/TIF-1a ex-
pression was correlated with tumor prognosis. At the
mRNA level, on a series of 238 breast cancer biopsy
specimens from the Perou’s group,'® we observed
high TRIM24/TIF-1a expression strongly correlated
with bad prognosis classification based either on re-
currence score®* or the 70-gene model.?"22 Similarly,
a highly significant difference in expression was found
using the intrinsic molecular subtype classification®°
between good prognosis tumors (normal and luminal
A) and cancers with bad outcome (basal-like, luminal B
and HER2+/ER-) which express higher amounts of
TRIM24/TIF-1a mRNA. When the analysis was per-
formed at the protein level by immunohistochemistry,
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Table 2. Univariate and Multivariable Cox Analysis on the CBA2 Tissue Array

Univariate analysis

Multivariate analysis

HR 95% ClI P* HR 95% ClI p**
TRIM24
=25 1 0.025 1 0.003
>25 5.0 (1.1, 28.3) 8.1 (1.6; 41.8)
N
NO 1 0.189
N+ 2.35 (0.6;8.7)
ER
ER— 1 0.019 1 0.004
ER+ 0.28 (0.09; 0.9) 0.18 (0.05; 0.6)
PR
PR— 1 0.034
PR+ 0.22 (0.05; 1.01)
p53
WT 1 0.245
Mut 1.90 (0.6,5.7)
Grade SBR
| 1 0.041
Il 2.88 (0.3; 24.6)
11 9.54 (0.9;92.8)

ER, Estrogen Receptor; PR, Progesterone Receptor; SBR, Scarff-Bloom-Richardson.

*Logrank test.
**Likelihood-ratio test.

we failed to confirm some of these correlations. For
instance, we did not find that TRIM24/TIF-1a protein
levels were significantly correlated with lymph node
invasion or with ERa expression. This might be due to
the fact that the number of samples on our tissue
microarray was too small and other studies will be
required to extend the number of biopsy specimens. In
addition, it will be interesting to perform the analysis
both at the mRNA and protein levels using the same
tumor set to avoid sample heterogeneity.

Log rank test analysis performed at both the mRNA
and protein levels showed a significantly worse OS in
patients with high levels of TRIM24/TIF-1a expression
(P < 0.001 and P = 0.025, respectively). Moreover, mul-
tivariate analysis identified TRIM24/TIF-1a protein level
as an independent prognostic factor for OS (Table 2).
Interestingly, similar results were obtained at the mRNA
level. If we excluded the 70-gene signature, multivari-
ate analysis controlling for eight parameters (ie,
TRIM24/TIF-1a levels, tumor size and grade, ER ex-
pression, intrinsic molecular subtype, 2-gene ratio,
wound-response, and the recurrence score) confirmed
that TRIM24/TIF-1a was an independent predictor of
OS (P = 0.048). This suggests that TRIM24/TIF-1a may
improve the prognostic strength of currently available
biomarkers and performs better than some multigene
assays for the prediction of OS.

We did not observe a significant difference in patient
outcome depending on whether the tumor had a gain or
a loss of the TRIM24/TIF-1a gene locus (analysis per-
formed on the 108 patients described in Figure 1B). This
is probably due to the fact that only very few deaths
occurred in patients with loss (2 deaths) or gain (1 death)
at the TRIM24/TIF-1« locus and a more global analysis
would be necessary to clearly determine whether or not

there is a difference between gain or loss of gene locus
on patient outcome.

Although it will be necessary to confirm the results on
a larger set of tumors, our data altogether strongly indi-
cate that increased expression of TRIM24/TIF-1a gene is
linked to a group of proliferating breast cancers with
adverse outcome. It is interesting that TRIM24/TIF-1« re-
tains its prognostic value for OS in patients with ER-
positive tumors (data not shown). The presence of ER/PR
is typically used as a rational basis for hormonal treat-
ment. Our results suggest that TRIM24/TIF-1a might pro-
vide an additional criterion for implementation of such
therapies.

Increased expression of TRIM24/TIF-1a during can-
cer progression might appear paradoxical since it was
recently proposed that this gene functions as a liver-
specific tumor suppressor in mice.?® This liver specific
effect (together with the association with prognosis and
survival that we evidenced in the present study) may
be linked to the p53 EB3-ubiquitin ligase activity of
TRIM24/TIF-1a. Indeed, the overexpression of TRIM24/
TIF-1a in breast cancer may negatively regulate p53
levels and lead to increased tumorigenesis. By con-
trast, the liver presents some specificity in term of p53
response to environmental stress such as ultraviolet
irradiation since there is a lack of p53 and apoptosis
induction in this tissue in response to irradiation.>2

In conclusion, the present study is the first report
showing that TRIM24/TIF-1a expression is increased in
human breast cancer and might be considered as a
new prognostic marker of this disease. Further work is
needed to explore whether TRIM24/TIF-1a might rep-
resent a novel prognosis marker useful to clarify the
heterogeneity of clinical outcome in ER-positive breast
cancer.
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